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Subsolidus Phase Equilibria in the System
Zr02 -Y2O3-AI2O3
W. D. TUOHIG* and T. Y. TIEN* CUBIC ZrO, is presently used as the electrolyte in the automotive exhaust gas sensor which provides the feedback signal for closedloop control of the air-fuel mixture supplied to the The present work was undertaken as part of an effort to optimize the Y,O,-stabilized ZrO, ceramic electrolyte. Yttria (Y,O,) is the preferred stabilizer for sensor applications, despite its high cost, because it produces an electrolyte with both higher conductivity and greater stability.6-8Aluminum oxide (A1,0,) is added to the body to promote densification and reduce the required firing temperature.
Binary equilibria in the system ZrO,-Y,O,-AI,O, are reasonably well established. However, no information appears to be available for the ternary system. The system AIZO,-ZrO,, the least complex of the binaries, contains only a eutectic at 1870°C between the constituent oxides. 'OThe phase diagram for the system Al,03-Y,0, was Presented at the 81 st Annual Meeting, The American Ceramic Society, Cincinnati, Ohio, May 2, 1979 (Basic Science Division No. 116-B-79 Specimens for the present study were prepared by mixing appropriate quantities of oxide powders (Table I) to produce batches ( -50 g) of material. The powders were ground in a mortar and pestle as an acetone slurry and calcined for 10 h at 1250°C. The resulting cakes were then crushed and pressed in a hardened steel die using a stearic acid lubricant. Compositions (Table 11) were selected to distinguish clearly the valid joins in the system. The subsolidus was determined by exploratory firings at 30°C intervals between 1450" and 1600°C. Ceramographic specimens were then examined by scanning electron microscopy (SEM) for evidence of liquation. Two firing schedules were used: (1) isothermal firing at 1450"k 10°C for 500 h and (2) firing for 20 h at 1650" followed by equilibration at 1450°C for 300 h. Pellets were cooled at =80"C/ min from 1450°C.
The fired pellets were crushed and ground for X-ray analysis in an Al,O, mortar and pestle. (No Al,03 lines could be detected in trial samples prepared without A1,0, additions.) X-ray analysis was conducted using a standard diffractometer,* CuKa radiation, l/zo slits, and a graphite monochrometer. Precision lattice parameters for the ZrO, solid solutions were obtained using the diffractometer operated at */z"/min with silicon as a standard. A Nelson-Riley extrapolation function17 was used to calculate a, values. Sibling samples were prepared for SEM examination using standard cera--' mographic procedures.
Results of the X-ray analysis are given in Table 11 . Patterns Solid-solution lattice parameters vs mol% YzO,; solid line from obtained from specimens fired isothermally at 1450°C and those fired using the 1650°/14500C schedule were in agreement. However, patterns from the latter series were used to determine lattice parameters because of better line definition. The ternary subsolidus phase relations are shown in Fig. 1 . Two regions of two-phase equilibria (cubic ZrO,+AI,O, and cubic ZrO2+3YZO3.5Al2O3) were observed. No change in lattice parameter with composition was noted for Alz03 or 3Y,0,.5A1,0,. Consequently, it was assumed that solubility of cubic ZrO, in either phase was negligible; tie lines could then be drawn from these endmembers through the sample compositions to the ZrO,-Y,O, binary side of the diagram.
The lattice parameters of the cubic solid solutions (Table 11) are plotted as a function of the compositions predicted by the tie lines in Fig. 2 . The dataof StubicanetaZ.l5andof Strickler andCarlsonsare included in the figure for comparison. A constant value of the ZrO, lattice parameter (0.515 nm) was observed for compositions in the ZrO,+gamet+corundum three-phase field. On the basis of Fig. 2 , the apex of the compatibility triangle was located at 2 1 2 mol% Microstructural observations by SEM were consistent with the X-ray diffraction data. Nondispersive X-ray analyses of the phases present in both the cubic Zr0,+A1,03 region and the cubic ZrO,+A1,O3+3Y2O3~5A1,O3 phase field substantiate ZrO, solid solubility below the limits of detection.
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